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(54) Non-aqueous electrolyte and electrochemical device comprising the si 



(57) A non-aqueous electrolyte Is disclosed, wliich 
comprises a non-aqueous solvent and a solute repre- 
sented by the general formula(1 ): IWIBR^ R2r3R*, wliere- 
in M is an all<ali metal atom or an ammonium group and 
to R* are eacli independently electron witlidrawing 
groups or electron witiidrawing atoms bound to B where 
at least one of Ri to 1^ is other than a fluorine atom. 
The solute has a themnal stability substantiaiiy equal to 



that of LiBF4 and an anion portion having a high elec- 
tronegativity, and easily dissociates into ions. Therefore, 
a non-aqueous electrolyte containing this solute has a 
high ionic conductivity and is difficult to cause a gener- 
ation of a gas or deterioration In characteristics due to 
the decomposition of the solute, which occurs during 
use at high temperatures or after storage at high tem- 
peratures. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] Electrochemical devices comprising a non-aqueous electrolyte have been used in a wide range of electric 
and electronic appliances. Such electrochemical devices include, for example, non-aqueous electrolyte batteries such 
as a lithium battery, and capacitors such as an electric double layer capacitor and an eleeSrolytic capacitor 
[0002] It is desirable that a non-aqueous electrolyte comprising a non-aqueous solvent and a solute has a high ionic 
conductivity. In orderto obtain such a non-aqueous electrolyte, a non-aqueous solvent having a high dielectric constant 

10 and a low viscosity is required. However, a non-aqueous solvent having a high dielectric constant usually has a strong 
polarity and therefore has a high viscosity. Thus, a mixed non-aqueous electrolyte containing a non-aqueous solvent 
with a high dielectric constant such as ethylene carbonate (dielectric constant: 90) and a non-aqueous solvent with a 
low dielectric constant such as dimethyl carbonate (dielectric constant: 3.1) or ethyl methyl carbonate (dielectric con- 
stant: 2.9) Is commonly used. 

15 [0003] As the solute constituting the non-aqueous electrolyte, for example, LiPFg, LiCI04, LiBF4, LiAICl4, LiSbFg, 
LiSCN, LiCI, LiAsFs, LICF3SO3, (CF3S02)2NLi orthe like is used. Among them, LiPFg is most frequently used because 
it has a wide potential window and thus provides a non-aqueous elertrolyte having a high ionic conductivity 
[0004] While a non-aqueous electrolyte containing LiPFg has a high Ionic conductivity of approximately 8.5 mS/cm 
at room temperature, it has a lowthennal stability. Moreover, LiPFg is problematic in that it reacts sharply with moisture 

20 to decompose. HF, PF5 orthe like produced by the decomposition of LiPFg has an adverse effect on an electrochemical 
device. Accordingly, when an electrochemical device, which comprises a non-aqueous electrolyte containing LiPFg, is 
used for an appliance generating a great amount of heat, theperfomfiance of the electrochemical device may deteriorate 
or a gas may be generated inside the device. 

[0005] Although the uses of LiSOgCFs, (CF3S02)2NU and the like have also been investigated, they are not pro- 
2S ceeding towards practical utilization. This is because many of solutes containing an organic anion tend to cause a 
corrosion of a cun-ent collector made of aluminum, which is used in the positive electrode of a non-aqueous electrolyte 
battery. 

[0006] On the other hand, LiBF4, whteh is commonly used in lithium primary batteries, has a higher themnal stability 
as compared with LiPFg and a potential window substantially equal to that of LiPFg. However, a non-aqueous electrolyte 
30 obtained by dissolving LiBF4 in a non-aqueous solvent has a low ionic conductivity of about 2.9 mS/cm at room tem- 
perature. For this reason, LiBF4 is not used in lithium secondary batteries. 

[0007] The reason why LiBF4 has a lower ionic conductivity as compared with LiPFg is that only four fluorine atoms 
having an electron withdrawing property are bound to one boron atom in LiBF4, whereas six fluorine atoms are bound 
to one phosphorus atom in LiPFg. Since electronegativity depends on the number of the bound fluorine atoms, the 
35 electronegativity of the BF4 anion is lower than that of the PFg anion. Therefore, it is considered that LiBF4 is difficult 
to dissociate into a LI cation and a BF4 anion. IVIoreover, because the BF4 anion has a small ionic diameter, it tends to 
cause an association thereby to deteriorate the ionk: conductivity of the electrolyte. 

[0008] The dielectric loss in an electrolytic capacitor is greatly affected by the ionic conductivity of the non-aqueous 
electrolyte interposed between a negative electrode foil and a dielectric layer whteh comprises an oxide of aluminum 
40 or tantalum disposed on a positive electrode foil. When the dielectric loss is great, the frequency characteristics and 
the charge/discharge characteristics of the electrolytic capacitor are deteriorated. Nevertheless, a non-aqueous elec- 
trolyte accommodated in an electrolytic capacitor contains a solute whteh dissociates to produce a BF4 anion, resulting 
In a great dielectric loss in the capacitor. 

4S BRIEF SUMIWIARY OF THE INVENTION 

[0009] In view of the above situation, it is an object of the present invention to provide a non-aqueous electrolyte 
having a high thermal stability as well as a high ionic conductivity. 

[0010] More specifically, the present invention relates to a non-aqueous electrolyte comprising a non-aqueous sol- 
so vent and a solute represented by the general formula (1): MBR^R^RSR*, wherein M is an alkali metal atom or an 
ammonium group and to R^ are each independently electron withdrawing groups or electron withdrawing atoms 
bound to B where at least one of R1 to R* is other than a fluorine atom, 

[001 1] In the general fonnula (1 ), it is preferred that at least one of Ri to R* is represented by the general formula 
(2): CnFgn+i , where n is an integer of 1 to 4; or the general fonnula (3): Cn,F2n,+iS02, where m is an integer of 1 to 4. 
ss Further, the reminders of R^ to R'* are preferably fluorine atoms. 

[0012] For the solute represented by the general formula (1), it is preferred to use at least one selected from the 
group consisting of LiB(CF3)4, LiBF(CF3)3, LiBF2(CF3)2, LiBF3(CF3), LiB(C2F5)4, LiBF(C2F5)3, LiBF2(C2F5)2, LiBFg 
(C2F5), LiB(CF3S02)4, LiBF(CF3S02)3, LiBF2(CF3S02)2, LiBF3(CF3S02), LiB(C2F5S02)4, LiBF(C2F5S02)3, LIBFa 



2 
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(C2F5S02)2 and LiBF3(C2F5S02). 

[0013] In the case where M is an ammonium group in the general formula (1), It is preferred that the ammonium 
group is represented by the general fomiuia (4): NRSRSR^rs, where R^to R^are bound to N and are each independently 
hydrogen atoms, aikyi groups, ali<enyl groups or aryl groups. In this case, the above solute is preferably at least one 
5 selected from the group consisting of (CH3)4NB(CF3)4, (CH3)4NBF(CF3)3, {CH3)4NBF2(CF3)2, {CH3)4NBF3(CF3), 

(CH3)4NB(C2F5)4, (CH3)4NBF(C2F5)3, (CH3)4NBF2(C2F5)2, (CH3)4NBF3(C2F5), (C2H5)4NB(CF3)4, (C2H5)4NBF(CF3)3, 

(C2H5)4NBF2(CF3)2, (C2H5)4NBF3(CF3), (C2H5)4NB(C2Fs)4, (C2H5)4NBF(C2F5)3, (C2H5)4NBF2(C2F5)2, (C2H5)4NBF3 
(C2F5), ( (CH3)3C)4NB(CF3)4, ( (CH3)3C)4NBF(CF3)3, ( (CH3)3C)4NBF2(CF3)2, ( (CH3)3C)4NBF3(CF3), ( (CH3)3C)4NB 

(C2F5)4, ( (CH3)3C)4NBF(C2F5)3, ( (CH3)3C)4NBF2(C2F5)2, ( (CH3)3C)4NBF3(C2F5), (CH3)4NB(CF3S02)4, (CH3)4NBF 
10 (CF3S02)3, (CH3)4NBF2(CF3S02)2, (CH3)4NBF3(CF3S02), (CH3)4NB(C2F5S02)4, (CH3)4NBF(C2F5S02)3, 
(CH3)4NBF2(C2F5S02)2, (CH3)4NBF3(C2F5S02), (C2H5)4NB(CF3S02)4. (C2H5)4NBF(CF3S02)3. (C2H5)4NBF2 
(CF3S02)2, (C2H5)4NBF3(CF3S02). (C2H5)4NB(C2F5S02)4, (C2H5)4NBF(C2F5S02)3, (C2H5)4NBF2(C2F5S02)2. 
(C2H5)4NBF3(C2F5S02), ( (CH3)3C)4NB(CF3S02)4, ( (CH3)3C)4NBF(CF3S02)3, ( (CH3)3C)4NBF2(CF3S02)2. 
( (CH3)3C)4NBF3(CF3S02), ( (CH3)3C)4NB(C2F5S02)4, ((CH3)3C)4NBF(C2F5S02)3, ((CH3)3C)4NBF2(C2FsS02)2 

IS and ( (CH3)3C)4NBF3(C2F5S02). 

[0014] The present Invention further relates to an electrochemical device comprising the above non-aqueous elec- 
trolyte. 

[0015] Examples of the electrochemical device Include a non-aqueous electrolyte battery, an electric double layer 
capacitor, an electrolytic capacitor and the like. 

20 [0016] The non-aqueous electrolyte battery preferably comprises a positive electrode; a negative electrode; a sep- 
arator interposed between the positive electrode and the negative electrode; and a non-aqueous electrolyte containing 
at least one selected from the group consisting of LiB(CF3)4, LiBF(CF3)3, LiBF2(CF3)2, LiBF3(CF3), LIB(C2F5)4, LIBF 
(C2F5)3, LiBF2(C2F5)2, LiBF3(C2F5), LiB(CF3S02)4, LiBF(CF3S02)3, LiBF2(CF3S02)2. LIBF3(CF3S02), LIB 
(C2FsS02)4, LiBF(C2F5S02)3, LiBF2(C2F5S02)2 and LiBFaCCaFgSOj). 

2s [0017] The electric double layer capacitor preferably comprises a pair of polarizable electrodes made of activated 
carbon; a separator Interposed between the electrodes; and a non-aqueous electrolyte containing at least one selected 
from the group consisting of (CH3)4NB(CF3)4. (CH3)4NBF(CF3)3, (CH3)4NBF2(CF3)2, (CH3)4NBF3(CF3), (CH3)4NB 

(C2F5)4, {CH3)4NBF(C2F5)3, (CH3)4NBF2(C2F5)2. (CH3)4NBF3(C2F5), (C2H5)4NB(CF3)4, (C2Hs)4NBF(CF3)3, 
(C2H5)4NBF2(CF3)2, (C2H5)4NBF3(CF3), (C2H5)4NB(C2F5)4, (C2H5)4NBF(C2F5)3, (C2H5)4NBF2(C2F5)2, (C2H5)4NBF3 

30 (C2F5), ( (CH3)3C)4NB(CF3)4, ( (CH3)3C)4NBF{CF3)3, ( (CH3)3C)4NBF2(CF3)2, (CH3)3C)4NBF3(CF3), ( (CH3)3C)4NB 
(C2F5)4, ( (CH3)3C)4NBF(C2F5)3, ( (CH3)3C)4NBF2(C2F5)2, ( (CH3)3C)4NBF3(C2F5). (CH3)4NB(CF3S02)4, (CH3)4NBF 
(CF3S02)3, (CH3)4NBF2(CF3S02)2. (CH3)4NBF3(CF3S02), (CH3)4NB(C2F5S02)4. (CH3)4NBF(C2F5S02)3. 
(CH3)4NBF2(C2F5S02)2, (CH3)4NBF3{C2F5S02), (C2H5)4NB(CF3S02)4, (C2H5)4NBF(CF3S02)3, (C2H5)4NBF2 
(CF3S02)2, (C2H5)4NBF3(CF3S02), (C2H5)4NB(C2F5S02)4. (C2H5)4NBF(C2F5S02)3, (C2H5)4NBF2(C2F5S02)2, 

3S (C2H5)4NBF3(C2F5S02), {(CH3)3C)4NB(CF3S02)4, ((CH3)3C)4NBF(CF3S02)3. ((CH3)3C)4NBF2(CF3S02)2, 
( (CH3)3C)4NBF3(CF3S02), ( (CH3)3C)4NB(C2F5S02)4, ( (CH3)3C)4NBF(C2F5S02)3, ( (CH3)3C)4NBF2(C2F5S02)2 

and ( (CH3)3C)4NBF3(C2F5S02). 

[0018] The electrolytic capacitor preferably comprises a positive electrode foil having a dielectric layer; a negative 
electrode foil; a separator interposed between the positive electrode foil and the negative electrode foil; and a non- 
40 aqueous electrolyte containing at least one selected from the group consisting of (CH3)4NB(CF3)4, (CH3)4NBF(CF3)3, 

(CH3)4NBF2(CF3)2. (CH3)4NBF3(CF3), (CH3)4NB(C2F5)4, (CH3)4NBF(C2F5)3, (CH3)4NBF2(C2F5)2, (CH3)4NBF3 
(CaFs), (C2H5)4NB(CF3)4, (C2H5)4NBF(CF3)3, (C2H5)4NBF2(CF3)2, (C2H5)4NBF3(CF3), (C2H5)4NB(C2Fs)4, 
(C2H5)4NBF(C2F5)3, (C2H5)4NBF2(C2F5)2, (C2H5)4NBF3(C2F5), ( (CH3)3C)4NB(CF3)4, ( (CH3)3C)4NBF(CF3)3, 
( (CH3)3C)4NBF2(CF3)2, ( (CH3)3C)4NBF3(CF3), ( (CH3)3C)4NB(C2F5)4, ( (CH3)3C)4NBF(C2F5)3, ( (CH3)3C)4NBF2 
« (C2F5)2, ( (CH3)3C)4NBF3(C2F5), (CH3)4NB{CF3S02)4, (CH3)4NBF(CF3S02)3, (CH3)4NBF2(CF3S02)2, (CH3)4NBF3 
(CF3SO2), (CH3)4NB(C2F5S02)4, (CH3)4NBF(C2F5S02)3, (CH3)4NBF2(C2F5S02)2, (CH3)4NBF3(C2F5S02), 
(C2H5)4NB{CF3S02)4, (C2H5)4NBF(CF3S02)3, {C2H5)4NBF2(CF3S02)2, (C2H5)4NBF3(CF3S02), (C2H5)4NB 

(C2FsS02)4, (C2H5)4NBF(C2F5S02)3, (C2H5)4NBF2(C2F5S02)2, (C2H5)4NBF3(C2F5S02), ( (CH3)3C)4NB(CF3S02)4, 
( (CH3)3C)4NBF(CF3S02)3. ( (CH3)3C)4NBF2(CF3S02)2, ( (CH3)3C)4NBF3(CF3S02), ( (CH3)3C)4NB(C2F5S02)4, 

so ( (CH3)3C)4NBF(C2F5S02)3, ( (CH3)3C)4NBF2(C2F5S02) and ( (CH3)3C)4NBF3(C2F5S02). 

[0019] Generally, a solute is composed of an anion and a cation, and they form an ionic bond. Therefore, the general 
formula (1): I\/IBR1r2r3r4 may also be expressed as the general formula (V) : M+-(BRiR2R3R*)-. 
[0020] While the novel features of the invention are set forth particularly in the appended claims the invention, both 
as to organization and content, will be better understood and appreciated, along with other objects andfeatures thereof, 

ss from the following detailed description taken In conjunction with the drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

[0021] FIG. 1 Is a vertical sectional view showing a cylindrical non-aqueous electrolyte battery of the present inven- 
tion. 

[0022] FIG. 2 is a diagram showing a circuit of a device used for evaluating the frequency characteristics of an 
electrolytic capacitor. 

[0023] FIG. 3 is a graph showing the change in the potential difference between the both electrode foils of an elec- 
trolytic capacitor of the present invention on which a pulse voltage is applied. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The present invention uses a solute which has a thermal stability substantially equal to that of LiBF4 and has 
an anion portion having a high electronegativity, and easily dissociates Into ions in a non-aqueous solvent. Examples 
of the solute Include ones having one or more perfluoroalkyi group represented by the general formula: CnFgn+i or 
perfluoroalkylsulfonic acid group represented by the general formula: C,„F2n,4iS02 bound to the boron atom. Since a 
perfluoroalkyi group and a perfluoroalkyisulfonic acid group have astrong electron withdrawing property, a solute having 
either of these groups easily dissociates into ions in a non-aqueous solvent. Accordingly, the use of the above solutes 
can provide a non-aqueous electrolyte having a high thermal stability as well as a high ionic conductivity and, further- 
more, it can provide a non-aqueous electrochemical device capable of conducting an efficient high-rate charging and 
discharging. 

[0025] It is considered that the more the number of the electron withdrawing groups bound to a boron atom of a 
solute is, the greater the electronegativity of the anion portion of the solute and the tendency thereof to dissociate into 
ions become. It is also considered that the more the number of the electron withdrawing groups bound to a boron atom 
of a solute Is, the greater the anionic diameter of the solute becomes and the smaller the tendency thereof to cause 
an association becomes. 

Embodiment 1 

[0026] In this embodiment, descriptions will be made on a preferred non-aqueous electrolyte for use in a lithium 
primary battery, a lithium secondary battery, a lithium Ion battery, a polymer battery and the like. A non-aqueous elec- 
trolyte of this embodiment can be obtained by dissolving the following solute In the following non-aqueous solvent. 

(i) Solute 

[0027] A non-aqueous electrolyte of this embodiment contains a solute represented by the general fomnula: 
M'BRi R2R3R4, wherein M' is an alkali metal atom such as Li, Na or K and W to are electron withdrawing groups 
or electron withdrawing atoms bound to a boron atom where at least one of to R^ is other than a fluorine atom. 
[0028] It is prefen-ed that at least one of R'' to R'* is a group represented by the general fonnuia: CpFan+i, where n 
is an integer of 1 to 4, or a group represented by the general fonnuia: C„F2n,+iS02, where m is an integer of 1 to 4. 
The remainders are preferably fluorine atoms. 

[0029] Since an anion having a group represented by the general fonnuia; CnFgn^.^ is smaller than an anion having 
a group represented by the general fomnula: C^Fgnj+iSOa, a non-aqueous electrolyte containing the fomner anion has 
a higher ionic conductivity than the latter one. Therefore, the group represented by the general fonnuia: C^Fgn+i , where 
n is an integer of 1 to 4 is more preferred than the group represented by the general fonnuia: CmFg^+iSOj, where m 
Is a integer of 1 to 4. 

[0030] The number of the electron withdrawing group other than a fluorine atom may be one or more; however, it is 
more preferably 2 to 3 from the viewpoint of, for example, ease of the synthesis of the solute. Preferred examples of 
the solute include solutes represented by the general fonnuia: M'B(CpF2n4.^)2F2 or solutes represented by the general 
formula: M'B(CnF2n+i)3F 

[0031] Although n and m may be an integer of 1 to 4, it is more preferred that they are 2. The reason is that the 
electron withdrawing effect of the electron withdrawing group decreases when n and m are too small, and the anionic 
diameter increases when n and m are too large. 

[0032] Specific examples of the solute include LiB(CF3)4, LiBF(CF3)3. LiBF2(CF3)2, LiBF3(CF3), LiBCCaFs)^, LiBF 
(C2F5)3, LiBF2(C2F5)2. LiBF3(C2F5), LIB(CF3S02)4, LiBF(CF3S02)3, LIBF2(CF3S02)2, LIBF3(CF3S02). LIB 
{G2F5S02)4, LiBF(C2F5S02)3, LIBF2(C2F5S02)2, LIBF3(C2F5S02) and the like. They may be used singly or as a mixture 
of two or more of them. 

[0033] The non-aqueous electrolyte may further contain LiGI04, LiBF4, LiPFg, LIAICI4, LiSbPg, LiSCN, LiCF3S03, 
LiCFaCOa, Li(CF3S02)2. LiAsFg, LIB10CI10. a lithium lower aliphatic carboxyiate, LiCI, LiBr, Lil, chioroboran lithium, 
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borates such as bis(1 ,2-benzenecliolate(2-)-0,0') lithium borate, bis(2,3-naphthalenedlolate(2-)-0,0') lithium borate, 
bis(2,2'-biphenylcllolate(2-)-0,0') lithium borate and bis(5-fluoro-2-olate-1-benzenesulfonic acid-0,0') lithium borate, 
imide salts such as bistetrafluoromethanesulfonic acid imide lithium ( (CF3S02)2NLi), tetrafluoromethanesulfonic acid 
nonafluorobutanesulfonic acid imide lithium (LiN(CF3S02)(C4FgS02)) and bispentafluoroethanesulfonic acid imide llth- 
5 ium((C2F5S02)2NLI). 

(11) Non-aqueous solvent 

[0034] Examples of the non-aqueous solvent include: cyclic carbonic acid esters such as ethylene carbonate, pro- 
10 pylene carbonate, butylene carbonate and vinylene carbonate and derivatives thereof; non-cyclic carbonic acid esters 
such as dimethyl carbonate, diethyl carbonate and ethyl methyl carbonate and derivatives thereof; cyclic carboxylic 
acid esters such as y-butyrolactone and v-valeroiactone and derivatives thereof; aliphatic carboxylic acid esters such 
as methyl formate, methyl acetate, methyl propionate and ethyl propionate and derivatives thereof; non-cyclic ethers 
such as dimethoxyethane, diethyl ether, 1 ,2-dimethoxyethane, 1,2-diethoxyethane, ethoxymethoxyethane and 
15 1,3-dimethoxypropane and derivatives thereof; cyclic ethers such as tetrahydrofuran, 2-methyltetrahydrofuran and 
1 ,3-dioxolane and derivatives thereof; other solvents such as dimethylsulfoxide, fomnamide, acetamide, dimethytfor- 
mamide, dioxolane, acetonitrile, propylnitrile, nitromethane, ethyl monoglyme, phosphoric acid triesters, trimeth- 
oxymethane, dioxolane derivatives, sulfolane, methylsulfolane, 1 ,3-dimethyl-2-imidazolidinone, 3-methyl-2-oxazolidi- 
none, ethyl ether, 1 ,3-propanesultone, anisole and N-methylpyrrolidone; and the like. They may be used singly or as 
20 a mixture of two or more of them. 

[0035] Although the concentration of the solute in the non-aqueous electrolyte is not particularly limited, It Is preferably 
0.2 to 2 mol/liter, and more preferably 0.5 to 1 .5 mol/liter. 

Embodiment 2 

[0036] In this embodiment, descriptions will be made on a non-aqueous electrolyte battery comprising the non-aque- 
ous electrolyte of Embodiment 1 . This battery comprises a positive electrode; a negative electrode; a separator Inter- 
posed between the positive electrode and the negative electrode; and the above non-aqueous electrolyte. 

30 (i) Negative electrode 

[0037] The negative electrode is fabricated, for example, by applying onto the surface of a current collector, a negative 

electrode mixture containing a negative electrode active material, a conductive agent, a binder and the like. 

[0038] As the negative electrode active material, for example, lithium metal or a material capable of absorising and 

35 desorbing lithium Is used. 

[0039] Examples of the material capable of absorbing and desorbing lithium include: themnally decomposed carbon; 
cokes such as pitch coke, needle coke and petroleum coke; graphites; glassy carbons; phenol resins, materials ob- 
tained by sintering and carbonizing furan resins or the like at an appropriate temperature; carbon materials such as 
carbon fibers and activated carbons; polymer materials such as polyacelylene, polypyrrole and polyacene; lithium- 

40 containing transition metal oxides such as Li4/3Tlg/304; transition-metal sulfides such as TISg; metals capable of forming 
an alloy with alkali metals such as Al, Pb, Sn, Bl and Si; cubic intermetallk: compounds capable of Intercalating alkali 
metals thereinto, such as AlSb, Wg^\ and NiSlg; and lithium-containing nitrides such as Ll3.xMxN, where M is a tran- 
sition metal, They may be used singly or as a mixture of two or more of them. Among them, carbon materials capable 
of absorbing and desorbing alkali metal ions are most commonly used. 

4S [0040] Examples of the conductive agent in the negative electrode include: natural graphites such as flake graphite; 
artificial graphites; carbon blacks such as acetylene black, ketchen black, channel black, furnace black, lamp black 
and thermal black; conductive fibers such as carbon fibers and metal fibers; carison fluoride; metal powders such as 
a copper powder and a nickel powder; organic conductive materials such as polyphenylene derivatives. They may be 
used singly or as a mixture of two or more of them. Among them, artificial graphites, acetylene black and carbon fibers 

50 are particularly preferred. 

[0041] The amount of the conductive agent used in the negative electrode mixture is preferably 1 to 50 parts by 
weight, and more preferably 1 to 30 parts by weight per 1 00 parts by weight of the negative electrode active material. 
Here, it is not necessary to use the conductive agent when the negative electrode active material has an electronic 
conductivity. 

55 [0042] Examples of the binder in the negativeelectrode include polyethylene, polypropylene, polytetrafluoroethylene, 
poiyvinylidene fluoride, styrene butadiene rubber, tetrafluoroethylene-hexafluoropropylene copolymers, tetrafluoroeth- 
yiene-perfluoroalkyl vinyl ether copolymers, vinylldene fluoride-hexafluoropropylene copolymers, vinylidene fluoride- 
chlorotrifluoroethylene copolymers, ethylene-tetrafluoroethylene copolymers, polychlorotrifluoroethylene, vinylldene 
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fluoride-pentafluoropropylene copolymers, propylene-tetrafluoroethylene copolymers, ethylene-chlorotrifluoroethyi- 
ene copolymers, vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene copolymers, vlnylldenefluoricle-perfluor- 
omethyl vinyl ether-tetrafluoroethylene copolymers, ethylene-acryllc acid copolymers, ethylene-methacryllc acid co- 
polymers, ethylene-methyl acrylate copolymers and ethylene-methyl methacryiate copolymers. They may be used 
5 singly or asamlxtureoftwoormoreofthem.Amongthem,styrenebutadiene rubber, polyvlnylldene fluoride, ethylene- 
acryllc acid copolymers, ethylene-methacryllc acid copolymers, ethylene-methyl acrylate copolymers, ethylene-methyl 
methacryiate copolymers are particularly preferred. 

[0043] As the current collector in the negative electrode, for example, one made of a stainless steel, nicl<el, copper, 
a copper alloy, titanium, carbon or a conductive polymer is used. Among them, a current collector made of copper or 
10 a copper alloy is particularly preferred. The surface of the currerrt collector may be coated with carbon, niclcel, titanium 
or the like, or it may also be oxidized. It is preferred to f onn asperities on the surface of the current collector. The current 
collector may be in the form of a foil, film, sheet, net, punched sheet, lath sheet, porous sheet, foamed sheet, nonwoven 
fabric or the like. Generally, the thickness of the current collector in the negative electrode is 1 to 500 \ur\. 

15 (ii) Positive electrode 

[0044] The positive electrode is fabricated, for example, by applying onto the surface of a current collector, a positive 

electrode mixture containing a positive electrode active material, a conductive agent, a binder and the like. 

[0045] Examples of the positive electrode active material include LixCoOg, LixNi02, Li^^MnOg, LixC0yNi^.y02, 

20 LixCOyMi.yOz, LlxNii.yMyOz, Llxlvln204, LixlUln2.yMy04, where M is at least one element selected from the group con- 
sisting of Na, Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb and B, and x, y and z satisfy 0SxS1.2, O^ys 0.9, 
and 2.0 g z ^ 2.3. The above value of x increases or decreases during the charging and discharging of the battery. 
Additionally, transition metal chateogenides, lithium-containing vanadium oxides, lithium-containing niobium oxides, 
conductive conjugated polymers, Chevrel phase compounds or the like may also be used as the positive electrode 

2s active material. They may be used singly or as a mixture of two or more of them. The average particle size of the 
negative electrode active material Is preferably 1 to 30 jim. 

[0046] Examples of the conductive agent In the positive electrode include: natural graphites such as flake graphite; 
artificial graphites; carbon blacks such as acetylene black, ketchen black, channel black, furnace black, lamp black 
and thennal black; conductive fibers such as carbon fibers and metal fibers; carbon fluoride; metal powders such as 

30 a copper, nickel, aluminum or silver powder; conductive whiskers such as zinc oxide and potassium titanate; conductive 
metal oxides such as titanium oxide; organic conductive materials such as polyphenylene derivatives. They may be 
used singly or as a mixture of two or more of them. Among them, artificial graphites, acetylene black and a nickel 
powder are particularly preferred. The amount of the conductive agent used in the positive electrode mixture is pref- 
erably 1 to 50 parts by weight, more preferably 1 to 30 parts by weight, and in the case that a carbon black or a graphite 

35 is used, further preferably 2 to 1 5 parts by weight per 1 00 parts by weight of the positive electrode active material. 
[0047] Examples of the binder In the positive electrode include polyethylene, polypropylene, polytetrafluoroethylene, 
polyvlnylldene fluoride, tetrafluoroethylene-hexafluoroethylene copolymers, tetrafluoroethylene-hexafluoropropylene 
copolymers, tetrafluoroethylene-perfluoroalkyi vinyl ether copolymers, vinylidene fluoride-hexafluoropropylene copol- 
ymers, vinylidene fluoride chlorotrifluoroethylene copolymers, ethylene-tetrafluoroethylene copolymers, polychlorotri- 

40 fluoroethylene, vinylidene fluoride-pentafluoropropylene copolymers, propylene-tetrafluoroethylene copolymers, eth- 
ylene-chlorotrifluoroethylene copolymers, vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene copolymers, vi- 
nylidene fluoride-perf luoromethyl vinyl ether-tetrafluoroethylene copolymers, ethylene-acryllc acid copolymers, ethyl- 
ene-methacryllc acid copolymers, ethylene-methyl acrylate copolymers and ethylene-methyl methacryiate copolymers, 
Among them, polyvinylidene fluoride and polytetrafluoroethylene are particularly preferred. 

45 [0048] As the cun-ent collector in the positive electrode, for example, one made of a stainless steel, aluminum, an 
aluminum alloy, titanium, carbon or a conductive polymer may be used. Among them, a current collector made of 
aluminum or an aluminum alloy is prefen^d. The surface of current collector may be coated with carbon, titanium or 
the like, or it may also be oxidized. It is prefen^d to form asperities on the surface of the current collector. The current 
collector may be in the fonnn of a foil, film, sheet, net, punched sheet, lath sheet, porous sheet, foamed sheet and 

so nonwoven fabric. Generally, the thickness of the current collector in the positive electrode is 1 to 500 \im. 

[0049] The positive electrode mixture or the negative electrode mixture may contain various additives, in addition to 
the above-described materials. They may also contain)a gel comprising a polymer material retaining a non-aqueous 
electrolyte. 

ss (ill) Separator 

[0050] As the separator, an insulating microporous thin film having a high ionic pemneability and a predetermined 
mechancal strength may be used. Additionally, it is preferred to give the separator the capability to increase the re- 
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sistance by closing its pores in a liigli temperature range. In terms of the hydrophobic property and the resistance to 
an organic solvent, it is preferred to use a sheet, a nonwoven fabric or woven fabric made of an olefin type polymer 
such as polypropylene or polyethylene or a glass fiber. The pore size of the separator Is preferably small enough to 
prevent the positive electrode material, negative electrode material, binder and conductive agent from passing there- 
through, each of which is released from the electrode. The pore size may be, for example, 0.01 to 1 urn. Generally, 
the thickness of the separator is 1 0 to 300 ixm and the porosity thereof is preferably 30 to 80%. Further, a battery can 
be configured by integrally molding a positive electrode and a negative electrode, with a porous separator made of a 
polymer material retaining a non-aqueous electrolyte interposed therebetween. As the polymer material, a copolymer 
of vinyiidene fluoride and hexafluoropropylene is preferred. 

[0051] The non-aqueous electrolyte battery of the present invention may be a coin, button, sheet, laminated, cylin- 
drical, flat, or square type. 

[0052] The non-aqueous electrolyte battery of the present invention is applicable to, for example, personal digital 
assistants, portable electronic appliances, domestic power storage devices, two-wheeled motor vehicles, electric ve- 
hicles, hybrid electric vehicles and the iii<e. 

Embodiment 3 

[0053] I n this embodiment, descriptions will be made on a preferred non-aqueous electrolyte for use in an electrolytic 
capacitor. A non-aqueous electrolyte of this embodiment can be obtained by dissolving the following solute in the 
following non-aqueous solvent. 

(I) Solute 

[0054] A non-aqueous electrolyte of this embodiment contains a solute represented by the general fomaula: 
M"BR'' R2r3r4, wherein M" is an ammonium group and Ri to are electron withdrawing groups or electron withdraw- 
ing atoms bound to a boron atom where at least one of Ri to R^ is other than a fluorine atom. 
[0055] it Is preferred that at least one of R^ to H* is a group represented by the general formula: CnF2n4i, where n 
is an Integer of 1 to 4, or a group represented by the general fonnula: C^Fam+iSOa, where m Is an Integer of 1 to 4. 
The remainders are preferably fluorine atoms. 

[0056] The group represented by the general fonnula: C„F2n^t, where n is an integer of 1 to 4, and the group rep- 
resented by the general formula: C„F2n,+iS02, where m is an integer of 1 to 4 are the same as those In Embodiment 
1 . Therefore, a solute represented by the general formula: M"B(CnF2n+i)2F2 and a solute represented by the general 
formula: WBCCpFgn+ijaF are more preferred from the viewpoint of, for example, ease of the synthesis of the solute. 
[0057] It is prefen^d that the ammonium group M" Is represented by the general fonnula: NR5R6R7R8 where R5 to 
R8 are bound to N and are each independently halogen atoms, alkyi groups, aikenyl groups or aryl groups. Each of 
R5 to R8 is preferably an alkyI group, and more preferably an aikyi group having 1 to 4 carbon atoms. For example, an 
ammonium group represented by the general fonnula: N(CkH2^+.,)4, where k is an integer of 1 to 4 is preferred. 
[0058] Specific examples of the solute include (CH3)4NB(CF3)4, {CH3}4NBF(CF3)3, (CH3)4NBF2(CF3)2, (CH3)4NBF3 
(CF3), (CH3)4NB(C2F5)4, (CH3)4NBF(C2F5)3, (CH3)4NBF2(C2F5)2, (CH3)4NBF3(C2F5), (C2H5)4NB(CF3)4, (C2H5)4NBF 

(CF3)3, (C2H5)4NBF2(CF3)2, (C2H5)4NBF3(CF3), (C2H5)4NB(C2F5)4, (C2H5)4NBF(C2F5)3, (C2H5)4NBF2(C2F5)2, 
(C2H5)4NBF3(C2F5), ( (CH3)3C)4NB(CF3)4, ( (CH3)3C)4NBF(CF3)3, ( (CH3)3C)4NBF2(CF3)2, ( (CH3)3C)4NBF3(CF3), 
( (CH3)3C)4NB(C2F5)4, ( (CH3)3C)4NBF(C2F5)3, ( (CH3)3C)4NBF2(C2F5)2, ( (CH3)3C)4NBF3(C2F5), (CH3)4NB 
(CF3S02)4, (CH3)4NBF(CF3S02)3, (CH3)4NBF2(CF3S02)2, {CH3)4NBF3(CF3S02), (CH3)4NB(C2F5S02)4, (CH3)4NBF 
(C2F5S02)3, (CH3)4NBF2(C2F5S02)2, (CH3)4NBF3(C2F5S02), (C2H5)4NB(CF3S02)4, (C2H5)4NBF(CF3S02)3, 
(C2H5)4NBF2(CF3S02)2, (C2H5)4NBF3(CF3S02), (C2H5)4NB(C2F5S02)4, (C2H5)4NBF(C2F5S02)3, (C2H5)4NBF2 
(C2F5S02)2, (C2H5)4NBF3(C2F5S02), ( (CH3)3C)4NB(CF3S02)4, ( (CH3)3C)4NBF(CF3S02)3, ( (CH3)3C)4NBF2 
(CF3S02)2, ((CH3)3C)4NBF3(CF3S02), ( (CH3)3C)4NB(C2F5S02)4, ((CH3)3C)4NBF(C2F5S02)3, ( (CH3)3C)4NBF2 

(C2F5S02)2, ( (CH3)3C)4NBF3(C2F5S02) and the like. They may be used singly or as a mixture of two or more of them. 
The use of such solutes can provide an electrolytic capacitor which is operable over a wide temperature range and 
exhibits a small dielectric loss and an excellent charge/discharge characteristic. 

[0059] The non-aqueous electrolyte may further contain MCIO4, MBF4, IWPFe, IWAICI4, MSbFe, MSCN, MCF3SO3, 
MCF3CO2, M(CF3S02)2, MAsFg, MB^oCl^oi ^"^1, MBr, M\, where M is an ammonium group, quaternary ammonium 
salts of a lower aliphatic carboxylic acid, quatemary ammonium salts of chloroboran, imide salts such as blstetrafluor- 
omethanesutfonlc acid imide lithium ( (CFaSOgjaNLi), tetrafiuoromethanesuifonic acid nonafiuorobutanesulfonic acid 
imide lithium (LiN(CF3S02)(C4F9S02)) and bispentafluoroethanesulfonic acid imide lithium { (C2F5S02)2NLi). 
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(ii) Non-aqueous solvent 

[0060] Preferred examples of the non-aqueous solvent Include polar protic organic solvents and polar aprotic organic 
solvents. They may be used singly or as a mixture of two or more of them. 

[0061 ] Examples of the polar protic organic solvent include: monohydric alcohols such as ethanol, propanol, butanol, 
pentanol, hexanol, cyclobutanol, cyclopentanol and benzyl alcohol; polyhydric alcohols such as ethylene glycol, pro- 
pylene glycol, glycerin, methyl cellosolve, ethyl celiosolve, methoxypropylene glycol and dimethoxypropanol; oxyalco- 
hoi compounds; and the like. They may be used singly or as a mixture of two or more of them. 
[0062] Examples of the polar aprotic organic solvent include: amide compounds such as N-methylformamlde, N,N- 
dlmethylformamide, N-ethylf omiamide and N ,N-dlethylfomiamide; cyclic carboxyllc acid esters such as 7*utyrolactone 
and y-valerolactone; cyclic carbonic acid esters such as ethylene carbonate, propylene carbonate, butylene carbonate 
and vinylene carbonate; other solvents such as dimethylsulfoxide, 1 ,3-dloxolane, formamide, acetamide, dimethylfor- 
mamide, dioxolane, acetonitrile, propylnitrile, nitromethane, ethyl monoglyme, phosphoric acid triesters, trimeth- 
oxymethane, dioxolane derivatives, sulfolane, methylsulfolane, 1 ,3-dimethyl-2-imida2olidinone, 3-methyl-2-oxazolidi- 
none, ethyl ether, 1 ,3-propanesultone, anisole and N-methylpyrrolidone; and the like. They may be used singly or as 
a mixture of two or more of them. 

[0063] Although the amount of the solute used is not particularly limited, it is preferably 0. 1 to 40 parts by weight per 
1 00 parts by weight of the non-aqueous solvent. 

[0064] The voltage proof of the capacitor can be improved by adding boric acid, a complex compound of boric acid 
and a polysaccharide (e.g., mannitol or sorbitol), a complex compound of boric acid and a polyhydric alcohol (e.g., 
ethylene glycol or glycerin), a surfactant, colloidal silica or the like in the non-aqueous electrolyte. 
[0065] Further, an aromatic nitro compound such as p-nitrobenzoic acid or p-nitrophenol; a phosphorous compound 
such as phosphoric acid, phosphorous acid, polyphosphoric acid or an acidic phosphoric acid ester compound; an 
oxycarboxylic acid compound or the like may be added to the electrolyte in order to reduce current leakage and to 
make a hydrogen gas absorbed thereby. 

Embodiment 4 

[0066] In this embodiment, descriptions will be made on an electrolytic capacitor comprising the non-aqueous elec- 
trolyte of Embodiment 3. The electrolytic capacitor comprises a positive electrode foil having a dielectric layer; a neg- 
ative electrode foil; a separator Interposed between the positive electrode foil and the negative electrode foil; and the 
above non-aqueous electrolyte. 

[0067] The electrolytic capacitor comprises an element obtained by rolling up a positive electrode foil and a negative 

electrode foil with a separator interposed therebetween; a non-aqueous electrolyte with which the capacitor element 

is impregnated; and a case for accommodating them. The opening of the case is sealed with a sealing member. 

[0068] As the positive electrode foil, for example, an aluminum foil Is used. A dielectric layer can be fonned on the 

positive electrode foil, for example, by etching the positive electrode foil to expand the surface area thereof in a boric 

acid and applying a positive potential of 300 to 600 V to the positive electrode foil versus the counter electrode. Through 

such a step, an oxide film used as the dielectric layer is fornied on the positive electrode foil. 

[0069] As the negative electrode foil, for example, an aluminum foil is used. 

[0070] As the separator, for example, a nonwoven or woven fabric made of a kraft pulp fiber is used. 

[0071] l-lereinbelow, the present invention will be specifically described with reference to examples, but it should be 

understood that the invention is not construed as being limited thereto. 

EXAH/IPLE 1 

[0072] Each of solutes listed in Table 1 was dissolved at a concentration of 1 .0 mol/llter in a mixed solvent containing 
ethylene carbonate and ethylmethyl carbonate at a volume ratio of 1 :3 thereby to prepare each of electrolytes A to R. 
Table 1 shows the ionic conductivities at 20 "C of the respective electrolytes measured by using a bridge-type conduc- 
tivity meter. Here, the ionic conductivities of electrolytes Q and R containing LiBF4 and LIPFg, respectively, at a con- 
centration of 1 .0 mol/llter, were also measured for comparison. 



[Table 1] 



Electrolyte 


Solute 


Ionic conductivity (mS/cm) 


A 


LiB(CF3)4 


7.52 


B 


LIBF(CF3)3 


5.11 
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Uablel] (continued) 



Electrolyte 




Ionic conductivity (mS/cm) 


C 


LIBF2(CF3)2 


4.02 


D 


LiBFgCCFg) 




E 


LIB{C2F5)4 


8 63 


F 


LiBF(C2F5)3 


689 


G 


LiBFgCCaFsjj 


4 62 


H 


LiBF3(C2F5) 


331 




LiB(CF3S02)4 


sii 


J 


LiBF(CF3S02)3 


762 


K 


LiBF2(CF3S02)2 


5 83 


L 


LIBF3(CF3S02) 


4.47 


M 


LiB(C2F5S02)4 


8.21 


N 


LIBF(C2F5S02)3 


7.18 


0 


LiBF2(C2F5S02)2 


5.23 


P 


LiBF3(C2F5S02) 


3.98 


Q 


LIBF4 


2.91 


R 


LiPFe 


8.52 



[0073] From the results sliown in Table 1 , it can be seen that the use of a solute having one or more perfluoroalkyi 
group or perfluoroalkyisuifonic acid group gives a higher ionic conductivity to the non-aqueous electrolyte than the use 

30 of LIBF4. 

EXAMPLE 2 

[0074] The potential window of each solute was measured by using the electrolytes A to R prepared in Example 1 . 
as [0075] Test cells were assembled by using reference electrodes, counter electrodes, test electrodes and the elec- 
trolytes A to R. Here, a lithium foil was used for the reference electrode and the counter electrode, and a platinum plate 
having a surface area of 1 cm2 was used for the test electrode. 

[0076] Subsequently, the potential of each test electrode was scanned at 1 0 mV/sec to the oxidation direction. The 
potential of the test electrode versus the potential of the reference electrode when a current of 1 00 nA/cm2 was passed 
40 was regarded as an oxidation decomposition potential. Meanwhile, the potential of each test electrode was scanned 
at 1 0 mV/sec to the reduction direction. The potential of the test electrode versus the potential of the reference electrode 
when a current of 1 00 nA/cm2 was passed was regarded as a reduction decomposition potential. The results are shown 
in Table 2, 

4S [Table 2] ' 



Electrolyte 


Solute 


Reduction decomposition potential 
(V) 


Oxidation decomposition potential (V) 


A 


LIB(CF3)4 


<0.00 


6.48 


B 


LiBF(CF3)3 


<0.00 


6.01 


C 


LIBF2(CF3)2 


<0.00 


5.83 


D 


LIBF3(CF3) 


<0.00 


5.67 


E 


LIB(C2F5)4 


<0.00 


6.32 


F 


LiBF(C2F5)3 


<0.00 


6.11 


G 


LiBF2(C2F5)2 


<0.00 


5.94 
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[Table 2] (continued) 



Electrolyte 


Solute 


RGduction decomposition potential 
(V) 


Oxidation decomposition potential (V) 


H 


LiBF3(C2F5) 


<0.00 


5.71 


1 


LiB(CF3S02)4 


<0.00 


5.96 


J 


LIBF(CF3S02)3 


<0.00 


5.89 


K 


LiBF2(CF3S02)2 


<0.00 


5.66 


L 


LiBFglCFaSOa) 


<0.00 


6.37 


M 


LIB(C2F5S02)4 


<0.00 


6.10 


N 


LIBF(C2FsS02)3 


<0.00 


5.98 


O 


LiBF2(C2F5S02)2 


<0.00 


5.73 


P 


LiBF3(C2F5S02) 


<0.00 


5.49 


Q 


LiBF4 


<0.00 


6.04 


R 


LIPFs 


<0.00 


6.45 



[0077] In Table 2, the potential window of each solute having one or more perfluoroalkyi group or perfluoroalkylsul- 
fonic acid group is substantially equal to or wider than that of LIBF4. This demonstrates that these solutes are suitable 
for a non-aqueous electrolyte battery such as a lithium battery. 

25 

EXAMPLE 3 

[0078] Cylindrical lithium batteries A to R were fabricated by using the electrolytes A to R prepared in Example 1 , 
respectively FIG, 1 shows a vertical sectional view of the battery thus produced. 
30 [0079] A positive electrode slurry was applied onto a positive electrode cun-ent collector made of an aluminum foil, 
which was then dried and rolled thereby to produce a positive electrode plate 1 . The positive electrode slurry was 
prepared by dispersing In dehydrated N-methylpyrrolldinone, a mixture of 85 parts by weight of a lithium cobaltate 
powder, 1 0 parts by weight of a carbon powder as a conductive agent and 5 parts by weight of polyvinylidene fluoride 
as a binder. 

35 [0080] A negative electrode slurry was applied onto a negative, electrode current collector made of a copper foil, 
which was then dried and rolled thereby to produce a negative electrode plate 2. The negative electrode slurry was 
prepared by dispensing In dehydrated N-methylpyrrolldlnone, a mixture of 75 parts by weight of an artificial graphite 
powder, 20 parts by weight of a carbon powder as a conductive agent and 5 parts by weight of polyvinylidene fluoride 
as a binder. 

40 [0081] The positive electrode plate 1 and the negative electrode plate 2 were rolled up together, with a separator 3 
made of polyethylene interposed therebetween, thereby to obtain an electrode assembly. Insulating rings 6 and 7 were 
provided on the top and bottom portions of the electrode assennbly respectively The electrode assembly thus obtained 
was accommodated in a battery case 8 made of a stainless steel. Then, a positive electrode lead 4 made of aluminum, 
which was attached to the positive electrode plate 1 , was connected to a positive electrode terminal 1 0 disposed on a 

45 sealing plate 9. A negative electrode lead 5 made of nickel, which was attached to the negative electrode plate 2, was 
connected to the bottom of the battery case 8. After a predetermined electrolyte was injected into the battery case 8, 
the opening of the battery case 8 was sealed with the sealing plate 9 thereby to obtain a battery. 
[0082] Each battery thus obtained was 1 8 mm in diameter and 65 mm In height with a nominal capacity of 1 800 mAh. 
This battery was charged at a constant voltage of 4.2 V, and then discharged at a current of 360 mA or 3600 mA. The 

so discharge capacities thus obtained are shown in Table 3. 

[0083] After being discharged at a current of 360 mA, each battery was charged again at a constant voltage of 4.2 
V. The charged battery was stored at 60 'C for one month, and was discharged at a current of 3600 mA thereafter. 
The discharge capacities thus obtained are also shown In Table 3. 

55 



10 



NSDOCIDr <EP____1 174941 A2J_> 



EP 1 174 941 A2 



[Table 3] 



Battery 


Electrolyte 


Discharge capacity at 360 
mA (mAh) 


Discharge capacity at 3600 
mA (mAh) 


Discharge capacity at 3600 
mA after storage (mAh) 


A 


A 


1407 


1052 


875 


B 


B 


1318 


960 


851 


C 


C 


1297 


920 


805 


D 


D 


1223 


866 


749 


E 


E 


1638 


1263 


1127 


F 


F 


1417 


1002 


888 


G 


G 


1345 


953 


841 


H 


H 


1240 


885 


766 


' 


' 


1622 


1238 


1217 


J 


J 


1582 


1194 


1041 


K 


K 


1354 


997 


876 


L 


L 


1305 


927 


812 


M 


M 


1518 


1179 


1003 


N 


N 


1429 


1058 


912 


O 


O 


1332 


978 


857 


P 


P 


1285 


904 


789 


Q 


Q 


1105 


843 


432 


R 


R 


1595 


1210 


1090 



[0084] From the result shown in Table 3, It can be seen that the present Invention provides a highly reliable lithium 
battery which exhibits excellent high-rate discharge characteristics as well as high temperature storage characteristics. 

EXAMPLE 4 



[0085] Non-aqueous electrolytes 1 to 27 were prepared by dissolving solutes listed in Table 4 at a concentration of 
1 .0 mol/liter In a mixed solvent containing ethylene cariionate and ethylmethyl carisonate at a volume ratio of 1 :3. Table 
4 shows the Ionic conductivities of the respective electrolytes at 20 "C measured by using the bridge-type conductivity 
meter. Here, the ionic conductivities of electrolytes 25 to 27 containing (CH3)4NBF4, (C2H5)4NBF4 and 
( (CH3)3C)4NBF4, respectively, at a concentration of 1 .0 mol/liter, were also measured for comparison. 



[Table 4] 



Electrolyte 


Solute 


Ionic conductivity (mS/cm) 


1 


{CH3)4NB(CF3)4 


7.22 


2 


(CH3)4NBF(CF3)3 


5.02 


3 


(CH3)4NBF2(CF3)2 


3.98 




(CH3)4NBF3(CF3) 


3.09 


5 


(CH3)4NB(C2F5)4 


8.31 


6 


(CH3)4NBF(C2F5)3 


6.72 


7 


(CH3)4NBF2(C2F5)2 


4,43 


8 


(CH3)4NBF3(C2F5) 


3.27 


9 


(C2H5)4NB(CF3)4 


6.88 
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[Table 4] (continued) 



Electrolyte 


Solute 


Ionic conductivity (mS/cm) 


10 


(C2H5)4NBF(CF3)3 


4.71 


11 


(C2H5)4NBF2(CF3)2 


3.60 


12 


(C2H5)4NBF3(CF3) 


2.98 


13 


(C2H5)4NB(C2F5)4 


7.19 


14 


(C2H5)4NBF(C2F5)3 


4.97 


15 


{C2H5)4NBF2(C2F5)2 


3.89 


16 


(CaHsUNBFaCCaFg) 


3.01 


17 


((CH3)3C)4NB(CF3)4 


6.19 


18 


{(CH3)3C)4NBF(CF3)3 


4.45 


19 


((CH3)3C)4NBF2(CF3)2 


3.32 


20 


((CH3)3C)4NBF3(CF3) 


2.69 


21 


((CH3)3C)4NB(C2F5)4 


6.74 


22 


((CH3)3C)4NBF(C2F5)3 


4.38 


23 


((CH3)3C)4NBF2(C2F5)2 


3.26 


24 


((CH3)3C)4NBF3(C2Fs) 


2.72 


25 


(CH3)4NBF4 


2.79 


26 


(C2H5)4NBF4 


2.36 


27 


((CH3)3C)4NBF4 


2.05 



[0086] From the results shown in Table 4, It can be seen that the use of each solute having one or more perf luoroali<yl 
group gives a higher ionic conductivity to the non-aqueous electrolyte than the use of the soiute whose anion portion 
is BF4. 

EXAMPLE 5 



[0087] The potential window of each soiute was measured in the same manner as In Example 2, except for using 
the non-aqueous electrolytes 1 to 27 prepared in Example 4. The results are shown in Table 5. 

Pabie 5] 



Electrolyte 


Solute 


Reduction decomposition 
potential (V) 


Oxidation decomposition potential 
(V) 


1 


(CH3)4NB(CF3)4 


<0.00 


6.47 


2 


(CH3)4NBF(CF3)3 


<0.00 


6.16 


3 


(CH3)4NBF2(CF3)2 


<0.00 


6.04 


4 


(CH3)4NBF3(CF3) 


<0.00 


5.95 


5 


(CH3)4NB(C2F5)4 


<0.00 


8.34 


6 


(CH3)4NBF(C2F5)3 


<0.00 


6.25 


7 


(CH3)4NBF2(C2F5)2 


<0.00 


6.11 


8 


(CH3)4NBF3(C2F5) 


<0.00 


5.99 


9 


(C2H5)4NB(CF3)4 


<0.00 


6.26 


10 


(C2H5)4NBF(CF3)3 


<0.00 


6.08 
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[Table 5] (continued) 



Electrolyte 


Solute 


Reduction decomposition 
potential (V) 


Oxidation decomposition potential 


11 







— — 


12 






5 85 





v^2'^5/4' '"-^^^2 '5/4 


Taoo 








^000 




15 


fC<,H.=1<NBFofCoF^1„ 


Tooo 




16 




Tooo 


IS 




u*-'»*3/3^/4'^*^^^'^3/4 


Tooo 




18 


f(CHoUC1^NBFrcF«>« 


^000 




19 


(fCH»UC^>NBF«fCF-,^^ 


Jooo 




20 


^fCH^UChNBF„fCF„^ 
\V^ri3/3^/4'^"~3i'-''^3/ 


Tooo 


il! 


21 




Tooo 




22 


((CH3)3C)4NBF(C2F5)3 


<0.00 


6.05 


23 


((CH3)3C)4NBF2(C2F5)2 


<0.00 


5.92 


24 


((CH3)3C)4NBF3(C2F5) 


<0.00 


5.81 


25 


(CH3)4NBF4 


<0.00 


6.02 


26 


(C2H5)4NBF4 


<0.00 


5.93 


27 


((CH3)3C)4NBF4 


<0.00 


5.82 



[0088] In Table 5, the potential window of each solute having one or more perf luoroallcyl group is substantially equal 
to or wider than that of each solute whose anion portion is BF4. This demonstrates that these solutes are suitable for 
electrolytic capacitors. 



EXAMPLE 6 

[0089] Electrolytic capacitors comprising the electrolytes 1 to 27 prepared in Example 4 were produced in the fol- 
lowing manner. 

[0090] The surface of an aluminum foil having a thickness of 1 00 |im was etched by electrolysis. A positive potential 
of 500 V versus the potential of the counter electrode was applied on the etched aluminum foil in a boric acid, which 
was then stood still for 15 minutes. As a result, an aluminum oxide film used as a dielectric layer was formed on the 
surface of the aluminum foil. 

[0091] Subsequently, an aluminum foil having an aluminum oxide film used as a positive electrode foil and another 
aluminum foil used as a negative electrode foil were rolled up together, with a separator made of a l<raft pulp fiber 
interposed therebetween, thereby to obtain a capacitor element. The capacitor element thus obtained was impregnated 
with a predetermined non-aqueous electrolyte. The capacitor element impregnated with the non-aqueous electrolyte 
was accommodated in a case made of aluminum. Then, the opening of the case was sealed with an insulating sealing 
member, and the leads of the positive electrode foil and the negative electrode foil were threaded through the sealing 
member to be pulled outside, thereby obtaining an electrolytic capacitor. 

[0092] Subsequently, the electrolytic capacitor thus obtained was evaluated for the frequency characteristics. 
[0093] A circuit as shown in FIG. 2 was assembled, which comprised a direct-cun-entpowersource 11, an electrolytic 
capacitor 1 2, a resistor 13, a relay switch 1 4 and a voltmeter 1 5. The negative side of the direct-current power source, 
the negative electrode foil side of the electrolytic capacitor and the resistor were grounded. Then, the relay switch was 
activated at a duty ratio of 0.5 (50%) and at a frequency of 6OH2 to apply a pulse voltage on the electrolytic capacitor 
Here, the upper limit of the applied voltage was set at 3.0 V. FIG. 3 shows the change in the difference between the 
potentials of the negative electrode foil and the positive electrode foil of the electrolytic capacitor 
[0094] The voltage value of the electrolytic capacitor was recorded 1/240 second afterthe start of the charging during 
each charging Interval, and this measurement was conducted for 10 seconds. The average values of the recorded 
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voltages are shown in Table 6. It can be said that the charge/discharge characteristics improve with an increase in the 
speed of the potential rise on the positive electrode foil. 



fTable 6] 



Capacitor 


Electrolyte 


Solute 


Voltage (V) 


1 


1 


(CH3)4NB(CF3)4 


2.94 


2 


2 


(CH3)4NBF(CF3)3 


2.80 


3 


3 


(CH3UNBF2(CF3)2 


2.59 


4 


4 


(CH3)4NBF3(CF3) 


2.28 


5 


5 


(CH3)4NB(C2Fs)4 


2.96 


6 


6 


(CH3)4NBF(C2Fs)3 


2.89 


7 


7 


(CH3)4NBF2(C2F5)2 


2.66 


8 


8 


(CH3)4NBF3(C2Fs) 


2.35 


9 


9 


(C2H5)4NB(CF3)4 


2.51 


10 


10 


(C2H5)4NBF(CF3)3 


2.74 


11 


11 


(C2H5)4NBF2(CF3)2 


2.44 


12 


12 


(C2H5)4NBF3(CF3) 


2.20 


13 


13 


(C2Hs)4NB(C2F5)4 


2.93 


14 


14 


(C2H5)4NBF(C2F5)3 


2.78 


15 


15 


(C2H5)4NBF2(C2F5)2 


2.53 


16 


16 


(C2H5)4NBF3(C2F5) 


2.22 


17 


17 


((CH3)3C)4NB(CF3)4 


2.88 


18 


18 


((CH3)3C)4NBF(CF3)3 


2.69 


19 


19 


((CH3)3C)4NBF2(CF3)2 


2.39 


20 


20 


((CH3)3C)4NBF3(CF3) 


2.15 


21 


21 


((CH3)3C)4NB(C2F5)4 


2.90 


22 


22 


((CH3)3C)4NBF(C2F5)3 


2.63 


23 


23 


((CH3)3C)4NBF2(C2F5)2 


2.33 


24 


24 


((CH3)3C)4NBF3(C2F5) 


2.16 


25 


25 


(CH3)4NBF4 


2.18 


26 


26 


(C2H5)4NBF4 


2,11 


27 


27 


((CH3)3C)4NBF4 


2.02 



[0095] From the results shown in Table 6, it can be seen that the electrolytic capacitor using each solute having one 
or more perfluoroalkyi group exhibits superior frequency characteristics. This is presumably due to the increase in the 
ionic conductivity of the non-aqueous electrolyte. 

[0096] When a similar measurement was conducted at an increased charge voltage, the electrolytic capacitor using 
each solute having one or more perfluoroalkyi group showed little deterioration in the charge/discharge characteristics. 
The deterioration of the charge/discharge characteristics was presumably due to the decomposition of an anion by 
oxidation. 

[0097] From the results, it can be seen that the use of each solute having one or more perfluoroalkyi group can 
improve the stability of an electrolytic capacitor. 

[0098] As described above, the present invention uses a solute which has a thennal stability substantially equal to 
that of LiBF4 and an anion portion having a high electronegativity, and easily dissociates into ions. Therefore, it provides 
a non-aqueous electrolyte having a high thermal stability as well as a high ionic conductivity. Furthermore, the use of 
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the non-aqueous electrolyte of the present Invention can provide a non-aqueous electrochemical device having an 
excellent high-rate charge/discharge characteristic. 

[0099] Although the present Invention has been described in temis of the presently preferred embodiments, It Is to 
be understood that such disclosure Is not to be Interpreted as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art to which the present Invention pertains, after having read the above 
disclosure. Accordingly, it Is intended that the appended claims be Interpreted as covering all alterations and modifi- 
cations as fall within the true spirit and scope of the Invention. 

[0100] A non-aqueous electrolyte is disclosed, which comprises a non-aqueous solvent and a solute represented 
by the general formula(1): MBRiRSRSR^ wherein M is an all<ali metal atom or an ammonium group and R1 to R* are 
each independently electron withdrawing groups or electron withdrawing atoms bound to B where at least one of R1 
to R'^ is other than a fluorine atom. The solute has a themial stability substantially equal to that of LiBF4 and an anion 
portion having a high electronegativity, and easily dissociates into ions. Therefore, a non-aqueous electrolyte containing 
this solute has a high ionic conductivity and is difficult to cause a generation of a gas or deterioration In characteristics 
due to the decomposition of the solute, which occurs during use at high temperatures or after storage at high temper- 



Claims 

1 . A non-aqueous electrolyte, comprising a non-aqueous solvent and a solute represented by the general fomnula (1 ): 

MBR^R^R^R* 

Wherein M Is an alkali metal atom or an ammonium group and to R* are each Independently electron withdrawing 
groups or electron withdrawing atoms bound to B where at least one of R1 to R* is other than a fluorine atom. 

2. The non-aqueous electrolyte in accordance with claim 1 , wherein at least one of Ri to R* is represented by the 
general fomnula (2): C„F2^i, where n is an integer of 1 to 4, or the general fomiula (3): C^Fam+iSOa, where m is 
an integer of 1 to 4. 

3. The non-aqueous electrolyte In accordance with claim 1 , wherein said solute is at least one selected from the 
group consisting of LIB(CF3)4, LiBF(CF3)3, LIBF2(CF3)2, LISFsCCFg), LiB(C2Fs)4, LiBF(C2F5)3, LiBF2(C2F5)2, LiBFa 
(C2F5), LiB(CF3S02)4, LiBF{CF3S02)3, LiBF2{CF3S02)2, LiBF3(CF3S02), LiB(C2F5S02)4, LiBF(C2F5S02)3, LiBF2 
(C2F5S02)2 and LiBF3(C2F5S02). 

4. The non-aqueous electrolyte in accordance with claim 1 , wherein said ammonium group is represented by the 
general formula (4): NRSrsr^rs, where R^to R8 are bound to N and are each independently hydrogen atoms, 
alkyi groups, alkenyl groups or aryl groups. 

5. The non-aqueous electrolyte in accordance with claim 1 , wherein said solute is at least one selected from the 
group consisting of (CH3)4NB(CF3)4, (CH3)4NBF(CF3)3, (CH3)4NBF2(CF3)2, (CH3)4NBF3(CF3), (CH3)4NB(C2F5)4, 
(CH3)4NBF(C2F5)3, (CH3)4NBF2(C2F5)2, (CH3)4NBF3(C2F5), (C2H5)4NB(CF3)4, (C2H5)4NBF(CF3)3, (C2H5)4NBF2 
(CF3)2, (C2H5)4NBF3(CF3), (C2H5)4NB(C2F5)4, (C2H5)4NBF(C2F5)3, (C2H5)4NBF2(C2F5)2, (C2H5)4NBF3(C2F5), 
( (CH3)3C)4NB(CF3)4, ( (CH3)3C)4NBF(CF3)3, ( (CH3)3C)4NBF2(CF3)2, ((CH3)3C)4NBF3(CF3), ((CH3)3C)4NB 

(C2F5)4, ( (CH3)3C)4NBF(C2F5)3, ( (CH3)3C)4NBF2(C2F5)2, ( (CH3)3C)4NBF3(C2F5), (CH3)4NB(CF3S02)4, 

(CH3)4NBF(CF3S02)3, (CH3)4NBF2(CF3S02)2, (CH3)4NBF3(CF3S02), {CH3)4NB(C2F5S02)4, (CH3)4NBF 
(C2F5S02)3, (CH3)4NBF2{C2F5S02)2, (CH3)4NBF3(C2F5S02), (C2H5)4NB(CF3S02)4, (C2H5)4NBF(CF3S02)3, 
(C2H5)4NBF2(CF3S02)2, (C2H5)4NBF3(CF3S02), (C2H5)4NB(C2FgS02)4, (C2H5)4NBF(C2F5S02)3, (C2H5)4NBF2 
(C2F5S02)2, (C2H5)4NBF3(C2F5S02), ((CH3)3C)4NB(CF3S02)4, ((CH3)3C)4NBF(CF3S02)3, ( (CH3)3C)4NBF2 
(CF3S02)2, ( (CH3)3C)4NBF3(CF3S02), ((CH3)3C)4NB(C2F5S02)4, ((CH3)3C)4NBF(C2F5S02)3, 

( (CH3)3C)4NBF2(C2F5S02)2 and ( (CH3)3C)4NBF3(C2F5S02). 

6. An electrochemical device, comprising the non-aqueous eiectrolyte in accordance with claim 1 . 

7. A non-aqueous electrolyte battery, comprising a positive electrode; a negative electrode; a separator interposed 
between said positive electrode and said negative electrode; and the non-aqueous electrolyte in accordance with 
claim 3. 
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An electrolytic capacitor, comprising a positive electrode foil having a dielectric layer; a negative electrode foil; a 
separator interposed between said positive electrode foil and said negative electrode foil; and the non-aqueous 
electrolyte in accordance with claim 5. 

An electric double layer capacitor, comprising a pair of polarizable electrodes made of activated carbon ; a separator 
interposed between said electrodes; and the non-aqueous electrolyte In accordance with claim 5. 
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